Introduction {#sec1-1}
============

Papanicolaou (Pap) smear is a useful cytological screening method for the prevention of cervical cancer, thereby reducing cervical cancer mortality rates,\[[@ref1]\] which is done by conventional Pap smear (CPS) examination.\[[@ref2]\] However, limitations of CPS such as suboptimal smears with insufficient squamous cells, presence of obscuring blood, dense inflammation, mucin, and thick smears with overlapping epithelial cells reduce its sensitivity to as low as 50% with a rise in false negativity rate ranging between 14% and 33%.\[[@ref1][@ref2][@ref3]\] Liquid-based cytology (LBC), which is widely practiced in the Western setup,\[[@ref1][@ref2]\] was developed to improve the diagnostic reliability of Pap smears by reducing the number of inadequate smears and false negativity rate, and also allow important ancillary tests such as human papillomavirus (HPV) testing.\[[@ref1][@ref4]\] Although there is sufficient Western literature on LBC, the studies from India comparing CPS and LBC techniques are sparse.\[[@ref1][@ref2]\] Moreover, there have been conflicting results with regard to the quality of LBC results.\[[@ref5][@ref6]\]

The aim of the present work was to study the morphological differences between the LBC and CPS techniques and also to assess their relative advantages and limitations, particularly, in the Indian context.

Materials and Methods {#sec1-2}
=====================

After obtaining the permission and clearance of the Scientific Advisory and the Institute Ethics Committees of our hospital, 140 patients who attended the gynecology outpatient department (OPD) during a period of 2 months from June 2013 to July 2013 were randomly selected. The chief complaints of these patients were bleeding per vaginum, vaginal itching, ulcer, white discharge, irregular menstrual cycles, pain in the lower abdomen, and postcoital bleeding.

After obtaining informed consent from the patients, two samples were collected in one sitting. Initially, a direct Pap smear was made (CPS) using an Ayre spatula, which was immediately fixed in 95% ethanol for conventional Pap staining. The second sample was collected in a vial containing 10 mL of SurePath preservative for LBC, using the detachable endocervical brush provided by the company. The sample thus collected was processed using the Tripath machine (BD SurePath™ liquid-based Pap test Rotina 380 (Hettich Zentrifugen D-78532 Tullinger type 1701-30); Prepmate automated accessory (MDC1 Ltd., 1 liver pool garden Worthing BN (Burlington) 11 1SL UK; multivial vortexer (Henry Troemner, LLC. USA); Prepstain easy aspirator, ejector, and vacuum pump (KNF Neuberger, D79112, Freiburg made in Germany, type PM15454-026) and the slides were stained by BD stains (Prep stains). Both conventional and LBC smears were studied in detail (initially by a trained undergraduate student under the supervision of a trained cytotechnologist) by two experienced cytopathologists and were interpreted as per the Bethesda system of reporting Pap smears.\[[@ref7]\]

Twelve parameters were studied and compared between the two techniques. The parameters included were:

Quality,Representation,Inflammatory background,Red blood cells (RBCs)/hemorrhagic background,Diathetic background,Squamous cell morphology,Endocervical cell morphology,Inflammatory cell morphology,Reactive changes,Squamous/glandular cells abnormality,Organisms, andThe screening time.

Only satisfactory smears were included for statistical analysis. Simple percentage analysis, Fisher\'s exact test, chi-square test, and unpaired *t*-test were performed wherever applicable. A *P* value \<0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

Out of 140 cases, 129 (92%) CPSs were satisfactory and 11 (8%) were unsatisfactory; LBC also had a similar rate of satisfactoriness with 130 (93%) satisfactory and 10 (7%) unsatisfactory smears with a statistically insignificant two-sided *P* value. The time taken for screening a CPS was 4.0 ± 0.65 min while it was 2.0 ± 0.08 min for LBC with a *P* value of 0.0001. As for the representativeness (based on the presence or absence of endocervical/metaplastic squamous cells), LBC smears were more representative \[65 (50%)\] than CPS \[54 (42%)\]. The endocervical cells were more frequently encountered in LBC \[40 (31%)\], as compared to CPS \[21 (16%)\] with a statistically significant *P* value of 0.008. Inflammation was graded as 1+, 2+, and 3+ based on the visual impression of the extent of neutrophils present. Neutrophils were seen in 124 (96%) conventional Pap smears in comparison with 119 (92%) LBC smears with *P* value of \<0.05. The morphology of neutrophils ranged from "good" to "excellent" in both CPS and LBC and the neutrophils showed more clumping in LBC smears while they were scattered in CPS. Hemorrhagic background and RBCs were encountered more frequently in CPS \[14 (11%)\], as compared to LBC 4 (3%) with a statistically significant *P* value of \<0.05. However, none of the conventional Pap/LBC smears showed diathetic background due to lack of any invasive carcinoma in our study.

The reactive changes such as atrophy, therapy, and inflammation-associated alterations and occasionally, nucleomegaly were appreciated in 11 (9%) CPSs and 7 (5%) LBC smears, which were not statistically significant (*P* = 0.34). Squamous cell/glandular cell abnormalities such as low grade squamous epithelial lesion (LSIL), high grade squamous intraepithelial lesion (HSIL), atypical squamous cells of undetermined significance (ASCUS), and atypical squamous cells cannot exclude high grade squamous intraepithelial lesion (ASCH) were seen in four (3%) CPSs and two (2%) LBC smears. Organisms were appreciable in 128 (99%) the conventional smears and 95 (73%) LBC smears; this was statistically significant (*P* = 0.0001). The organisms observed were *Doderlein* bacilli (normal commensals), *Gardenerella vaginalis* (shift in vaginal flora with clue cells), *Candida* species, and *Trichomonas vaginalis*. Details of all 12 parameters and their statistical significances are provided in [Table 1](#T1){ref-type="table"}.

###### 

Comparison between the conventional Pap smear and SurePath LBC
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Discussion {#sec1-4}
==========

Our study assessed the morphological differences between the conventional Pap smear and LBC smear and their impact on their interpretation. Twelve of the parameters were analyzed, out of which the parameters that showed statistical significance were:

Representativeness,Inflammation,Hemorrhagic background and RBCs, andOrganisms.

There was no significant difference in the remaining parameters between the two techniques. With regard to satisfactoriness of the smears, most studies claim a reduced number of unsatisfactory smears with LBC.\[[@ref1][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] However, similar to our study, a study by Davey *et al*.\[[@ref14]\] showed no significant difference in the rate of inadequate/unsatisfactory smears between LBC and CPS. An almost equal number of unsatisfactory smears were encountered in conventional Pap (8%) and LBC (7%) in our study. Hemorrhage, dense inflammation, drying artefact, and scanty cellular elements were the unsatisfactory features noted in our CPS while a scanty cellular component was the only unsatisfactory feature in LBC. Unlike most other studies involving split smears,\[[@ref4][@ref8]\] our study involved the direct vial transfer for LBC and collection by Ayre spatula for CPS.

There was a drastic reduction in the screening time, which was obviously attributable to a smaller screening area of 13 mm in the SurePath preparations. Our results were comparable to those of other studies.\[[@ref11][@ref15][@ref16]\] With regard to the presence of endocervical cells/metaplastic squamous cells, LBC gave better results in our study, which was attributable to the cleaner background of LBC smears that allowed a better appreciation of the transformation zone component. The other reason was that CPS is usually associated with some loss of cells in the collecting device while LBC is likely to be more representative due to direct transfer of the entire collecting device for the preservation and homogenization of the sample during processing. Our study showed more number of endocervical cells in LBC, which was in accordance with a study by Bergerone *et al*.\[[@ref10]\] who reported that only 7% of their CPSs contained endocervical cells while 13% of LBC smears had them. However, in the study of Strander *et al*. most LBC smears lacked endocervical cells when compared with CPS.\[[@ref11]\]

In our study, inflammation was graded as 1+, 2+, and 3+. A 3+ inflammation was noted in 52 (42%) CPSs and 24 (20%) LBC smears while 1+ inflammation was noted in 62 (52%) LBC smears and in 38 (31%) CPSs, with a *P* value of \<0.005. Neutrophils were seen in 124 (96%) conventional and 119 (92%) LBC smears. LBC showed a clumping of neutrophils \[Figures [1a](#F1){ref-type="fig"}--[d](#F1){ref-type="fig"}\]; this was said to be due to tendency of LBC preservative fluid to stick to the inflammatory exudate forming clumps.\[[@ref17]\] This also explains the cleaner background seen in LBC smears. Despite the cleaner background and reduced neutrophils, usually inflammation is not missed out in LBC because as noted by other authors, the neutrophils (although reduced) are clearly seen in LBC.\[[@ref17]\] A difference in the hemorrhagic background was also significant between CPS and LBC; a lesser number of RBCs in LBC makes screening easier.

![(a) A negative LBC smear with a clean background (Pap, ×200) (b) A negative CPS (Pap, ×200) (c) Inflammatory LBC smear (Pap, ×200) (d) Inflammation in a CPS (Pap, ×100)](JCytol-33-80-g002){#F1}

The reactive changes observed in our cases showed no significant difference between the two techniques. The organisms inclusive of commensals and pathogenic species were better appreciated in CPS with a statistically significant difference. In the Sherwani *et al*., study where only the infectious organisms were taken into account, CPS detected organisms only in 3.1% smears while LBC detected them in 8.7% of the cases.\[[@ref1]\] If only infectious organisms are considered in our study, the difference between CPS vs. LBC techniques in organism detection rate accounts to (55) 48 vs. 48 (37%).

There are some conflicting reports with regard to the interpretation of epithelial abnormalities between CPS and LBC. Obwegeser *et al*.\[[@ref9]\] and Sykes *et al*.\[[@ref15]\] showed no statistically significant difference between the two techniques in detecting cells ranging from normal to HSIL.\[[@ref10][@ref16]\] However, according to Abulafia *et al*.,\[[@ref3]\] Obwegeser *et al*.,\[[@ref9]\] Vincenzo *et al*.,\[[@ref12]\] and Davey *et al*.,\[[@ref14]\] an interpretation of ASCUS is more frequent with CPS although no significant difference is seen in LSIL/HSIL detection. The possible reason for a lesser number of ASCUS in some of the studies is perhaps because the cells, which appear normal on LBC, may appear abnormal with CPS. Generally, most studies claim LBC to be superior to CPS in identifying LSIL and HSIL. According to these authors, the frequency of interpretation of ASCUS is low with LBC.\[[@ref3]\] Bergerone *et al*.\[[@ref10]\] and Ilter *et al*.\[[@ref13]\] claim an improvement in the detection rates of ASCUS with LBC. In the study of Strander *et al*.,\[[@ref11]\] CPS could detect high grade lesions in as high as 93% of the smears as compared to 83% of LBC smears; the study considered histopathology as the gold standard.\[[@ref11]\] In the our study, LSIL, HSIL, ASCUS, and ASCH \[Figures [2a](#F2){ref-type="fig"}--[d](#F2){ref-type="fig"}\] were seen in four (3%) CPSs. LBC could pick up LSIL and HSIL in two (2%) cases but was unable to comment on the borderline categories, i.e., ASCUS and ASCH. The present work is a short-term study of 2 months' duration, which is the reason for the limited number of epithelial abnormalities. This is one of the major limitations of our study. Another notable finding in our study was that LBC was associated with significant artifactual changes such as rounded/folded squamous cells and pseudo-koilocytic change.

![(a) A CPS showing LSIL change (Pap, ×400) (b) LBC smear from the same patient as [Figure 2a](#F2){ref-type="fig"}, showing LSIL changes that are not so prominent (Pap, ×400) (c) HSIL in CPS (Pap, ×400) (d) HSIL in LBC (Pap, ×400) preparation of the same case as [Figure 2c](#F2){ref-type="fig"}](JCytol-33-80-g003){#F2}

In the present study, SurePath technology was used for LBC although ThinPrep technology is also utilized in various laboratories. No data is available in the indexed literature on direct comparison between the two technologies. Nonetheless, according to the information provided in the textbook edited by Bibbo and Wilbur, some preliminary studies (nonpeer-reviewed) have shown ThinPrep to be associated with higher unsatisfactory rates than SurePath, which is attributed to the interference of blood in ThinPrep specimens.\[[@ref18]\]

Conclusion {#sec1-5}
==========

In conclusion, despite the smaller sample size, some of the major advantages of LBC noted in our study were lesser screening time, cleaner background, and the better spread of cellular elements. Although a longer screening time is one of the major drawbacks of CPS, considering the lack of any significant difference in the final screening outcome and also the high cost associated with LBC, we feel that CPS still remains a better option in the context of countries with a resource-poor setting but with trained personnel for Pap screening.
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